The indirect fluorescent-antibody test employing treated and standardized antisera and conjugated antiglobulin has been used successfully, in conjunction with a technique for growing and staining virus cell systems in situ on microscope slides, in the identification of nine respiratory viruses. By using pooled antisera in a single test, the presence or absence of these viruses was determined in 18 to 45 hr after inoculation of slide microtissue culture.
A major limitation to the value of the viral diagnostic laboratory is the time required for the isolation and subsequent identification of a virus. Rapid identification is an important aspect of the treatment or control of many diseases, such as the meningitides, diseases of the newborn, accidental and occupational infections (9) , and endemic or epidemic disease in civilian or military populations. Rapid methods of isolation and identification also are needed to screen viruses recovered from astronauts (or aquanauts) before and after planetary travel or prolonged isolation in closed-atmosphere vehicles or habitations.
One approach to rapid identification of viruses involves the use of pooled specific antisera (13, 18, 19) or, alternatively, widely reactive, groupspecific antisera (15) employed in the indirect fluorescent-antibody test (IFAT; 23). However, in virology, use of the IFAT has been hampered by serious problems of nonspecific staining. In addition, to control specificity, preinoculation and postinoculation sera require extensive assay for specific and heterologous antibody. Development of widely reactive, group-specific antisera, other than to the influenza and adenoviruses, requires additional experimentation with methods of antiserum production. For such reasons, utilization of the IFAT in rapid identification of viruses by diagnostic and reference laboratories has been limited. In fact, we know of only one investigator (17, 19, 20, 21, 22) who has successfully employed the IFAT as a routine diagnostic tool for virus identification.
The potential value of the IFAT in rapid identification of viruses is so great that we reinvestigated its use for the identification of respiratory viruses. This report describes the results obtained with a single pool of antisera prepared against nine viruses.
MATERIALS AND METHODS Viruses. Viruses used in this study are summarized in Table 1 . All prototype viruses were obtained from the American Type Culture Collection or the National Institutes of Health, Reference Reagents Branch. Other viruses were obtained through the courtesy of the laboratories cited in Table 1 . Eight viruses were used in antiserum production; antiserum to parainfluenza 2, Greer, was purchased. The same virus strains were used in the complement-fixation (CF) test to assay preinoculation and postinoculation sera, except that influenza B, Lee, and parainfluenza 1, C35, were substituted for influenza B, Great Lakes 1739, and parainfluenza 1, C39, strains. Prototype or stock strains of virus were used to assay antisera, before and after pooling, by IFAT. In addition, 39 strains of viruses were used to test further the pooled antisera by IFAT. These strains are indicated in Table 1 by the number of strains studied and the year isolated, rather than by strain name.
Cell cultures. Human diploid (National Institutes of Health) and monkey 104 Preparation of antisera. Commercial antisera were employed in initial experiments but proved to be of low specificity. Antiserum was therefore prepared to each virus (except parainfluenza 2) by methods appropriate to the virus (2, 3, 8, 12) .
Random-bred guinea pigs about 3 months of age, maintained throughout immunization in isolator cages, were bled and tested prior to inoculation by CF with four units of antigen to the nine viruses listed in Table 2 . Except for animals receiving adenovirus and herpes simplex virus, antibody-free guinea pigs (three to five for each virus) were given one 0.2-ml intranasal (IN) and one or two 0.1-ml intraperitoneal (IP) inoculations of virus. IP inoculations were given 2 weeks after the IN inoculation and 1 week apart. Guinea pigs given influenza A and B viruses were inoculated intraperitoneally with allantoic fluid adsorbed with chick RBC, i.e., soluble antigen. Guinea pigs receiving adenovirus were not inoculated IN because of preexisting antibody to the group CF adenovirus antigen; instead, they were given three IP inoculations of Genetron-treated virus (5) . Finally, herpes simplex virus was given in a single dose intramuscularly in Freund's incomplete adjuvant. Animals were exsanguinated 1 to 2 weeks after final inoculation, except that animals inoculated with herpes simplex virus were bled after 9 weeks. Postinoculation sera were assayed by CF and IFAT for specific and heterologous titer.
Preparation of virus for IFAT. Initially, smears were prepared from normal or virus-infected cells 20. f Chick serum, 5% CS; no S, no serum. Maintenance media: L-15, except for CETC, where lactalbumin hydrolysate medium was used.
(RK, HeLa, MEK) scraped from monolayers in bottles. These cells were washed once in phosphatebuffered saline (PBS), pH 7.3, centrifuged at low speed, and resuspended in PBS. Two smears were prepared on a microscope slide and air-dried. With the exception of adenovirus, smears were fixed in cold acetone for 10 min and stored at -30 C. Adenovirus smears were fixed for 2.5 hr in acetone at 4 C and stored at -60 C. When fixed and stored as described, all antigens were stable for several months.
In recent work, Sommerville's technique (22) of growing monolayers of cells in glass rings (slide micro tissue culture) attached to microscope slides with a paraffin-vaseline mixture ( Fig. 1 ) has been adopted with minor modifications. Glass rings (14 by 14 mm) cut from glass tubing were polished at both ends. They were cleaned by boiling in distilled water and bicarbonate of soda (1 teaspoon per liter), rinsed thoroughly in distilled water, and sterilized by dry heat. For reuse, glass rings were disinfected in 10% (v/v) chlorox and soaked in xylene, then acetone, before boiling in the bicarbonate of soda solution. Fluorescence-free microscope slides were cleaned in ethyl alcohol and dried prior to use. Glass rings were assembled on microscope slides as described by Sommerville (22) . They were then placed in sterile, disposable, 6- dishes were sealed in clear plastic and incubated at 36 C for 18 to 20 hr. Growth medium was removed, and the cells were washed once in Hank's solution. An 0.1-ml amount of test virus was absorbed to the cells for 1 hr at room temperature, and 1 ml of maintenance medium was added. The cultures were rewrapped and incubated for 18 to 45 hr. After removal of maintenance medium, the cells were washed once in PBS (pH 7.3). The glass rings were removed, and the monolayers were dried, fixed in acetone, and stored at -30 or -60 C as described above.
Pooling of antisera. After assay of each antiserum by CF, sera of guinea pigs inoculated with the same virus were pooled and assayed by IFAT for homologous and heterologous titer. Parainfluenza 2 commercial antiserum was similarly tested. To evaluate antibody to group antigen, influenza A and B antisera were assayed by IFAT against recent strains, Great Lakes A2021/66 and B17/66; adenovirus type 2 antiserum was assayed against type 4, RI-67 strain. For practical purposes, by using stained infected cells, one IFAT antibody unit was defined as the highest dilution of antiserum giving three to four plus fluorescence of the largest number of cells. Antiserum from each virus was then combined in a single pool containing two to eight IFAT (4) . By contrast, all of 10 guinea pigs held in the normal colony without isolation or other precautions for a period of 6 months had a titer of 1 :10 or more to parainfluenza 3 by IFAT. The above results suggest that strict isolation, or use of specific pathogen-free animals, is required for antiserum production for the IFAT.
Of 29 guinea pigs inoculated with eight viruses, all except three produced CF titers ranging from 1: 64 to 1: 256 or greater ( Assay of immune sera by TEAT. Homologous and heterologous antibody titers to nine respiratory viruses were determined by IFAT for each specific antiserum pool from three to five guinea pigs. Homologous IFAT titers varied from 1:10 to 1:160 (Table 2) . In heterologous titrations, parainfluenza 1 and 3 antisera showed a one plus reciprocal cross in the IFAT at a 1:10 dilution. Antisera to respiratory syncytial and parainfluenza 2 viruses showed a one plus reaction with adenovirus at a similar dilution. By CF both of these antisera also had low titers (1: 8) to adenovirus. No other cross-reactions between antisera were observed. Influenza A and B and adenovirus antisera were each assayed for antibody to group antigen by IFAT to another strain of virus. For these tests, influenza, Great Lakes A-2021/66, B17/66, and adenovirus type 4, RI-67, were used. The IFAT titer for all three antigens was 1:20.
Assay of pooled antisera by IFAT versus prototype viruses. Antisera to nine viruses (Table 2) were combined in a pool standardized to contain two to eight IFAT units of antibody to each virus. The pool was then assayed by IFAT against all nine viruses and four additional adenovirus types (3, 4, 7a, and 8) plus normal cells in RK slide microcultures. As a control, guinea pig serum negative (CF < 1:4) to all the viruses except influenza A, for which it had a CF titer of 1:16, was assayed against each virus. The pooled antisera stained all 13 viruses but did not stain normal cells. The influenza A antiserum stained only influenza A viruses.
Representative photomicrographs of infected cells after reaction with pooled antisera in the IFAT are shown in Fig. 2 and 3 . Characteristics of some of the infecting viruses employed and degree and proportion of cells fluorescing are summarized in Table 3 (Fig. 3b) . Only a few cells showed intranuclear fluorescence. In the smears prepared from bottles, fluorescence was predominantly intranuclear. This suggests that conditions of cell growth may significantly alter the pattern of fluorescence in the IFAT.
Control tests employing infected cells with individual heterologous antiserum (Fig. 3f ) or normal cells with individual (Fig. 3c) Five recent strains of influenza A and B, all isolated in embryonated eggs, were positive by IFAT in slide cultures of RK or MEK. Replication of virus was enhanced when serum was omitted from the maintenance medium. Both intranuclear and cytoplasmic fluorescence were seen (Fig. 2d, e, and f) .
All 21 adenovirus strains tested (Table 1) showed fluorescence in the IFAT; however, occurrence and appearance of the fluorescing cells varied widely in accordance with test conditions and the cell system employed.
Eight adenovirus isolates (types 4 and 7) in second passage in primary HEK, with an infectivity titer in diploid HEK ranging from TCD50 10°5 to 101 5 per 0.1 ml at 10 days, were inoculated into diploid HEK and MEK microslide cultures by using 0.1 ml of a 1:2 dilution of virus. In HEK cells, two of eight isolates at 20 hr exhibited an occasional cell with intranuclear fluorescence; at 44 hr, all eight isolates produced characteristic intranuclear fluorescence (Fig. 3a) showed fully infected cells at 44 hr (Fig. 3e) . After 120 hr, the cells inoculated with Rice strain of mumps virus were still intact and all cells fluoresced.
Approximately 50% of MEK or HEK cells infected with one strain each of parainfluenza 2 and 3 and six strains of herpes simplex virus (Fig.  3d) showed four plus fluorescence at 18 to 20 hr. Parainfluenza 1, C-35 (Fig. 2c) , showed less than 1% of RK and MEK cells fluorescing at 21 hr. The number of cells fluorescing did not increase at 41 and 120 hr, possibly because of the very low infectivity titer of the inoculum.
Coxsackie A21, coxsackie B5, and six rhinoviruses were employed as negative controls. All were negative by IFAT versus pooled antiserum, (Fig. 3f) .
DISCUSSION
Under properly standardized conditions, the IFAT has been used successfully with a pool of antisera for preliminary identification of nine serologically distinct respiratory viruses that are commonly isolated (6) .
In these experiments, no improvement was made in the preparation of reagents for the IFAT procedure. It (22) . This suggests that the 18-hr incubation period employed by us for convenience could be substantially decreased in many instances. Simultaneous incubation of suspended cells and virus in slide cultures conceivably could reduce the time required for identification by several hours. From our observations, appearance of fluorescence is a function of the infectivity titer of the virus inoculum and the growth characteristics of a particular virus in a particular cell line.
We suggest that the slide tissue culture technique in conjunction with the IFAT offers great flexibility as a means for rapid diagnostic screening of viruses, or as a rapid diagnostic tool to differentiate particular clinical syndromes.
